Abstract. Psoriasis is a chronic inflammatory skin disease, characterized by a combination of abnormal proliferation of keratinocytes, immunology and vascular proliferation. Proteomic analyses have revealed some clues regarding the pathogenesis of psoriasis. In the present study, we conducted an investigation of different proteomes of psoriatic lesional skin, and compared them with those of normal and nonlesional psoriatic skin. We performed 2-D gel electrophoresis, liquid chromatography tandem mass spectrometry (LC-MS/ MS) analysis and database searches. Expression of proteins were evaluated by immunoblot and immunohistochemistry analyses. Our data showed differential expression of 74 and 145 protein spots in non-lesional and lesional psoriatic skin, respectively. Eleven of 36 proteins, which were identified by LC-MS/MS, were categorized as apoptosis-regulating proteins. Other protein spots were categorized as proteins with involvement in the negative regulation of apoptosis, defense response-related proteins and inflammatory response. Of particular interest, increased expression of glutathione S transferase 1 (GSTP1) and peroxiredoxin 2 (PRDX2), which are involved in the Redox balance system, and SFN, which is involved in the cellular proliferation system, was observed in psoriatic lesional skin. Localization of GSTP1 and SFN was observed above the middle layer of the epidermis in psoriatic skin lesions. Expression of PRDX2 was clearly observed below the middle layer of the epidermis in chronic type psoriatic skin lesions. Taken together, 36 identified proteins were associated with biological regulation, including regulation of cell death, defense response, inflammatory response and reactive oxygen species (ROS) regulation. PRDX2 and GSTP1 may play roles in compensating mechanisms for reduction of ROS stress, and SFN may play roles in prevention of cancer development in proliferating cells through G2/M cell cycle arrest upon accidental DNA damage within psoriatic skin lesions.
Introduction
Psoriasis vulgaris is one of the most prevalent chronic inflammatory skin diseases (1, 2) . Psoriasis is a complex disease affecting cellular, gene, and protein levels, and is presented as scaly plaques on the body (3, 4) . Skin lesions are characterized by abnormal keratinocyte differentiation, hyperproliferation of keratinocytes, and infiltration of inflammatory cells (5) (6) (7) . Psoriatic keratinocytes were found to be intrinsically growth dysregulated by several mechanisms. Keratinocytes of psoriatic skin reached the surface of the skin from the basal layer in as few as 6-8 days, compared with approximately 40 days in normal skin. In addition, keratinocytes in psoriasis lesions produced an array of proteins that attract leukocytes, including S100 proteins (A7, A8, A9, A12) (8, 9) . Once inflammation is initiated by keratinocyte products, leukocyte recruitment or inflammation is amplified by cytokine networks, and several reactive oxygen species (ROS) are produced by keratinocytes and inflammatory cells (10, 11) . Compelling evidence demonstrating that ROS-mediated oxidative stress could contribute to the pathogenesis of psoriasis has been reported (11, 12) .
In this study, we compared the differential protein expression between normal (N), non-lesional psoriatic skin lesions (NP), and lesional psoriatic skin lesions (LP) using twodimensional gel electrophoresis and liquid chromatography tandem mass spectrometry (LC-MS/MS) analysis.
Materials and methods
Materials. Antibodies against peroxiredoxin 2 (PRDX2), SFN, and glutathione S transferase 1 (GSTP1) were obtained from the Korea Research Institute of Bioscience and Biotechnology (Abnova, Taiwan).
Patients. Five healthy volunteers and 40 psoriatic cases were enrolled for the study. The inclusion criteria were the maniProteomic analysis of psoriatic skin tissue for identification of differentially expressed proteins: Up-regulation of GSTP1, SFN and PRDX2 in psoriatic skin festation of well demarcated, erythematous, scaly psoriatic plaques on the trunk and extremities. Study subjects did not use any systemic anti-psoriatic treatments for 2 weeks before skin biopsy. Informed consent was obtained from all subjects, under protocols approved by the Investigational Review Board of the Dongsan hospital of Keimyung university. Two biopsies were taken from each patient; one was obtained from lesional skin of patients and the other from uninvolved skin. Immediately upon removal, biopsies were snap-frozen in liquid nitrogen and stored at -80˚C.
Two-dimensional gel electrophoresis. Two-dimensional gel electrophoresis (2-DE) was performed using isoelectric focusing (IEF) and SDS-PAGE analysis. Dry-strips were rehydrated with 150 or 500 µg of protein in solubilization solution (9 M urea; 2% ChAPS; 4 M thiourea; 2% IPG buffer, ph 4-7; 18 mM DTT and a trace of bromophenol blue) and loaded onto Immobiline Drystrips. Rehydration proceeded for 12 h at room temperature and IEF was conducted at 20˚C in a gradient mode for 1 min at 300 V, 90 min at 3500 V and 10 h at 3500 V. Following IEF separation, the dry-strips were equilibrated for 30 min in an equilibration buffer (50 mM Tris-hCl ph 6.8, 6 M urea, 30% glycerol, 2% SDS and a trace of bromophenol blue). We then added 0.25% DTT to the first equilibration buffer, and replaced DTT with 4.5% iodoacetamide in the second equilibration buffer. The second dimension of the separation was carried out on a SDS polyacrylamide vertical slab gel. After 2-DE, proteins were visualized by silver staining according to the manufacturer's protocol (GE healthcare).
Image analysis. The 2-DE images were analyzed using the Progenesis SameSpots program, v2.0. (Nonlinear Dynamics, Nonlinear uSA).
Destaining and in-gel trypsin protein digestion and extraction. Protein spots separated by 2-DE were excised manually from 2-DE gels and destained using oxidation buffer (15 mM potassium ferricyanide and 50 mM sodium thiosulphate). Destained gels were re-swelled and dehydrated using 100 µl of 100 mM ammonium bicarbonate in 50% acetonitrile. The gels were re-swollen and dehydrated for an additional two to three times, then dried. The dried gels were digested by 50 mM ammonium bicarbonate, ph 8, containing 0.05 µg/µl trypsin for 16 h at 37˚C. The tryptic peptides were extracted three times to recover all of the peptides from the gel particles. The recovered peptides were concentrated by drying the final volume of the extracts in a vacuum centrifuge. The concentrated peptides were then mixed with 20 µl of 0.1% formic acid in 3% acetonitrile in preparation for LC-MS/MS analysis.
LC-MS/MS analysis and database searches.
Nano LC of tryptic peptides was performed using a Waters Nano LC system equipped with a Waters C18 Nano Column. Samples were loaded onto the column. Peptides were eluted from the column with a gradient ranging from 2 to 40% binary solvent B1 for 45 min at 0.3 µl/min. Mass spectrometry analysis of tryptic peptides was performed using a Waters Synapt™ hDMS. The mass spectrometer was operated in V-mode for all measurements. All analyses were performed using a positive mode Nano ESI with a NanoSpray source. Accurate mass LCMS data were collected via a Data Dependent Acquisition (DDA) mode of acquisition. Continuum LC-MS/MS data were processed and used in database searches using the Protein Lynx Global Server (PLGS), version 2.3 (Waters). Ion detection, clustering and normalization were performed using PLGS. Processed data were used to search the uniProtKB (Homo sapiens). Processed ions were sequenced and mapped against the uniProtKB (Homo sapiens) using the PLGS, v2.3 and Mascot Daemon programs (http://www.matrixscience. com).
Immunoblot analysis. Tissues were prepared in lysis buffer [10 mM Tris (ph 7.4), 5 mM EDTA, 130 mM NaCl, 1% Triton X-100, phenylmethylsulphonyl fluoride (PMSF, 10 mg/ml), aprotinin (10 mg/ml), leupeptin (10 mg/ml), 5 mM phenanthroline and 28 mM benzamidine-hCl]. The protein concentration of extracts was estimated with Bradford reagent (Bio-Rad, hercules, CA, uSA) using bovine serum albumin as the standard. Equal amounts of protein (40 µg/lane) were resolved by 6.5-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred onto a nitrocellulose membrane. The membrane was incubated with respective specific antibodies such as PRDX2, SFN, and GSTP1 protein. The membrane was continuously incubated with appropriate secondary antibodies coupled to horseradish peroxidase, and developed by the ECL Western detection reagents (Amersham Pharmacia Biotech, Piscataway, NJ).
Immunohistochemistry. Formalin-fixed and paraffin-embedded tissue specimens were cut on a microtome into 5 µm sections. The sections were deparaffinized in xylene and hydrated in alcohols of decreasing concentration. In order to visualize the antigen, the sections were heated in citrate buffer ph 6.0. After cooling to room temperature, in order to block endogenous peroxidase activity, 5 min incubation was performed with h 2 O 2 . After rinsing in PBS, ph 7.4, for 15 min, and blocking with the antibody diluent (Golden Bridge, Mukilteo, Washington, uSA) for 5 min, the sections were incubated with antibodies: PRDX (monoclonal antibody, Abnova) in a dilution 1:500 for 2 h; SPN (polyclonal antibody, Abnova) in a dilution of 1:400 for 2 h and GSTP1 (polyclonal antibody, Abnova) of 1:400 for 2 h at 37˚C. In the next step, biotinylated antibody was used in the reaction and then the streptavidin-peroxidase complex (LSAB ® + System-hRP, Dako) was applied. The antigen-antibody complex was visualized by DAB chromogen.
Results

Proteomic analysis of psoriatic skin tissue for identification of differentially expressed proteins and functional classification of identified proteins.
Proteomic analysis was performed for investigation of differentially expressed proteins between N, NP and LP skin. Total protein extracts obtained from each skin sample were separated by 2-DE and visualized by silver nitrate staining. Differences in protein profiles were compared using the Progenesis SameSpots program v2.0. In conduct of our research, two methods were used for identification of psoriasis-associated proteins. First, proteome differences in LP skin, compared with N and NP skin, were individually analyzed in 8 patients. We observed the different proteomes among patients (data not shown). A representative gel of LP skin shows the differentially expressed protein spots, compared with NP skin (method A, Fig. 1A ). Second, total proteins of 28 patients were pooled and analyzed for enrichment of lower level proteins and reduction of variation by clinical condition (method B, Fig. 1B ). As expected, more protein spots were visualized through pooled proteome analysis. Approximately 600 and 1,000 protein spots were mapped in 2-DE gels. Individual and pooled proteome analysis showed differential expression of 74 and 145 protein spots in NP and LP skin, respectively. Of particular interest, most of the proteins were up-regulated in LP skin. For identification of up-regulated protein, spots that showed more than a 2-fold increase were included for further analysis. In addition, we considered the clinical condition of each patient, and also included protein spots that showed irregularity, but a relatively increasing pattern. A total of 74 up-regulated spots were excised from 2-DE gels obtained using methods A and B, and analyzed by LC-MS/MS. Among them, 37 up-regulated spots were identified in psoriatic skin, and are listed in Table I . In particular, protein S100-A7 (S100A7), known as psoriasin, was reported as a highly up-regulated protein in psoriatic skin (8) . This result is consistent with our observations from the pooled proteome analysis, and also indicates that our analytic methods were well established.
Thirty-six up-regulated proteins were assigned to functional categories according to biological process and molecular process using information from the Gene Ontology database (http://www.geneontology.org). As expected, in the analysis by biological process, 25 of 36 identified proteins were found to be associated with biological regulation, including regulation of cell death (apoptosis), defense response, inflammatory response, and so on ( Fig. 2A) . Eleven of 36 proteins were categorized as apoptosis-regulating proteins. Among them, 6 and 5 proteins were related to the negative regulation of apoptosis (GSTP1, hSPB1, hSP90B1, hSPA5, PRDX2 and yWhAZ) and to the positive regulation of apoptosis (PDIA3, yWhAE, SFN, TuBB2C and yWhAB), respectively. Eight of 36 proteins were defense response-related proteins (S100A7, S100A9, APCS, PRDX2, SERPINA1, TF, TuBB2C and yWhAZ) and some of the 8 proteins were also included in the inflammatory response category (S100A9, APCS, PRDX2, SERPINA1, TF and yWhAZ). In addition, more proteins with enzyme activity and protein binding activity were highly up-regulated in psoriatic skin (Fig. 2B) . Increased levels of ROS and hypoxia-induced factor have also been suggested in the pathogenesis of psoriasis (13, 14) . In addition, findings from recent studies have indicated that an insufficiency of antioxidants or imbalance between oxidants and antioxidants may have a role in the pathogenesis of psoriasis (12, 15, 16) . however, the process is not completely understood. Therefore, based on our results and hypothesis, we were interested in the cellular metabolism of psoriatic skin, and focused on the 3 proteins PRDX2, GSPT1 and SFN (Fig. 3) . These identified spots were further confirmed by performance of immunoblotting using GSTP1, SFN and PRDX2 antibodies. Increased expression of GSTP1 and SFN was clearly observed in LP; however, expression of PRDX2 was not constantly up-regulated or down-regulated in LP, compared with NP (Fig. 4) .
Expression patterns of GSTP1, SFN and PRDX2 in psoriasis.
We studied the specific localization of GSTP1, SFN and PRDX2 in psoriatic lesional tissues by immunohistochemistry. Clinical pictures of acute and large chronic plaques of psoriasis were described as LP-1 and LP-2, respectively. Overexpression of GSTP1 and SFN was observed above the middle layer of the epidermis in LP-1 and LP-2 ( Fig. 5A and B) . Of particular interest, compared with N and NP, overexpression of PRDX2 was clearly observed below the middle layer of the epidermis in LP-2; however, in the case of LP-1, increased expression of PRDX2 was observed in the entire epidermis (Fig. 5C ).
Discussion
In general, pathogenesis of psoriasis presents as epithelial hyperplasia, Th1 cell-mediated inflammation, and angiogenesis (17) (18) (19) (20) . Consequently, we hypothesized that expression of up-regulated proteins in the epithelium may occur in association with cellular defense or survival mechanisms.
In the present study, we report that the proteome of LP indicates the up-regulation of proteins involving regulation of cell death (apoptosis), defense response, and inflammatory response (Table I) . Expression of PRDX2, GSTP1 and SFN showed an increase in LP, compared with N and NP. Of particular interest, localization of PRDX2, GSTP1 and SFN differed according to the clinical lesional state of psoriasis. however, precise molecular mechanisms and the biological meaning concerning the different localization of these proteins in psoriasis will require further study.
In human cells, seven different SFN proteins regulate diverse cellular processes through binding to proteins with numerous functions. Expression of SFN is directly induced by p53 after DNA damage (21). Elevated levels of SFNs enforce G2/M cell cycle arrest by sequestration of Cdc2/cyclin B1 complexes in the cytoplasm and are required for a stable G2/M arrest after DNA damage (21,22). Even though epidermal hyperplasia was observed in psoriasis, squamous cell carcinoma (SCC) was not found to occur naturally in psoriatic skin lesions, and SFN may play a role in prevention of development of SCC from psoriasis. In addition, SFN could prevent apoptosis by cytoplasmic sequestration of the pro-apoptotic protein, Bax (23) . Thus, up-regulation of SFN in psoriasis may play a role in epidermal hyperplasia through prevention of apoptosis and in the prevention of carcinogenesis through maintenance of genome stability by cooperation with p53.
ROS, acting as second messengers, are known to influence cellular signal transduction pathways, such as proinflammatory signaling pathways. The most significant effects are observed in the MAPK/AP-1, NF-κB and JAK-STAT signaling pathways, which have been regarded as early events in the inflammatory process in psoriasis (11, 13, 15) . Many systemic and lesionrestricted signs of severe oxidative stress can be observed in patients with active psoriasis (12) . In the plasma and red blood cells of patients with active psoriasis, increased levels of malonyl dialdehyde (MDA) were interpreted as the fingerprint of the exhaustion of natural enzymatic and non-enzymatic antioxidant defenses, and, consequently, the prevalence of deleterious peroxidative processes in the cell membranes and plasma lipids of circulating cells (24, 25) . Taken together, these results support the notion that an imbalance in the oxidantantioxidant system can be observed in psoriatic patients (26) . In skin lesions, massive infiltration of various leukocyte populations in an activated state certainly leads to local release of a number of pro-oxidative species, which, in turn, are implicated in proinflammatory activation of the resident cells of the skin, particularly keratinocytes and fibroblasts. PRDX2 and GSTP1 play key roles in Redox-balance in proliferating cells. In this study, our data clearly showed that PRDX2 and GSTP1 were increased in psoriatic skin lesions, especially above the middle layer of the epidermis. Increased PRDX2 and GSTP1 may play a role in reduction of ROS-stress in cells, thereby preventing cells from ROS-induced DNA damage or cell death.
Taken together, this study showed an association of 36 identified proteins with biological regulation, including regulation of cell death (apoptosis), defense response, inflammatory response, and ROS regulation. up-regulation of PRDX2 and GSTP1 may play roles in compensating mechanisms for reduction of ROS stress, and SFN may play roles in prevention of cancer development in proliferating cells through G2/M cell cycle arrest on accidental DNA damage within psoriatic skin lesions.
